Introduction {#sec1-1}
============

Vertigo is a distortion of perception of one's own body movement or the environment around us, and it is caused by a vestibular apparatus disorder. The balance disorders represent one of the most common symptoms in clinical practice,^[@ref1],[@ref2]^ and in cases of greater severity, often determine access to Emergency Departments (ED).^[@ref3]^

Vertigo, in most cases, has a benign peripheral aetiology^[@ref4]^ and the most frequent peripheral pathologies encountered in populations are acute vestibular syndrome and BPPV. Although it is possible that vertigo might be an expression of a more serious pathology affecting the central nervous system such as cerebellar or encephalic trunk stroke.^[@ref5]^ It is also the most frequent symptom complained of by patients who go to Emergency Departments.^[@ref10],[@ref11]^ Every year in the United States of America, visits for vertigo and/or balance disorders amount to about 5.6 million and represent 4% of the reasons for accessing Emergency Departments, at a cost of 4.4 billion dollars. The medical personnel approach is mainly focused on the differential diagnosis between peripheral origin vertigo and central origin vertigo.^[@ref12]^ To correctly understand the patient's acute clinical picture, neurotological skills are required by the emergency doctor.^[@ref13]^

In the literature, a diagnostic bed-side algorithm was proposed, based on the analysis of nystagmus and Head Impulse Tests (HIT), allowing it to provide indications for differential diagnosis with high sensitivity and specificity.^[@ref14]^ Although many studies confirm the preferential use of neuroimaging techniques for differential diagnosis rather than clinical examination,^[@ref15],[@ref16]^ this involves not only high healthcare costs, but also a delay in diagnosing peripheral vertigo such as BPPV, susceptible as it is known as an immediate resolution with only rehabilitative treatment.

BPPV has a high population incidence^[@ref17]^ and is easily diagnosed by observing the nystagmus characteristic generated by Dix-Hallpike and supine Head Yaw Test (HYT)^[@ref18],[@ref19]^ even in the absence of specific instruments such as Frenzel goggles for nystagmus video, although diagnostic sensibility without video- Frenzel or simple Frenzel goggles is lower. On the contrary, if the nystagmus signs appear different from the characteristic ones, we must exclude pathologies of different origins. However, BPPV is not often identified and treated quickly in the Emergency Department.^[@ref20]^

This study aims to evaluate the percentage of patients affected by BPPV who turned to the Cardarelli Hospital emergency department and the effectiveness of an exclusive diagnostic algorithm prepared for diagnosing BPPV. The obvious purpose is to reduce the time associated with long, unnecessary and expensive diagnostic procedures, avoiding the use of neuroimaging techniques and favouring clinical examination.

Materials and Methods {#sec1-2}
=====================

For the aim of the study 363 consecutive patients were selected, recruited in the Cardarelli Hospital Emergency Room from 30 April to 31 October 2018. The ages were between 18 and 93 years (average age 58,8 years), 203 patients were female (56%), and 160 were male (44%).

All patients were subjected to medical history, neurological examinations and diagnostic evaluations following the our BPPValgorithm. The most frequent concomitant diseases were hypertension, diabetes, atrial fibrillation, previous stroke. The diagnostic evaluation was performed by emergency room doctors who had completed a 10 hours weekly training for 1 month under the guidance of an Otolaryngologist and an Audiologist. The training was composed of theoretical lessons, video analysis of patients with BPPV and practical lessons on patients. The ED doctors were instructed on the correct execution of Dix-Hallpike maneuver and HYT with Frenzel goggles and given algorithms for the correct BPPV interpretation. When, at the end of the evaluation the algorithm suggested a BPPV, the patient was transferred to the ENT department to confirm the diagnosis. With the diagnosis confirmed, the rehabilitation maneuver was carried out without using any other clinical or radiological investigations.

If the clinical and neurological evaluations and the algorithm did not suggest a BPPV, the ED requested a neuroradiological diagnostic study and proceeded to transfer the patient to the Brief Emergency Department Observation to guarantee other specialist consultations, including one by the expert ENT doctor. All patients were evaluated within 12 hours by an expert ENT doctor.

Algorithm BPPV {#sec2-1}
--------------

The BPPV-Algorithm (BPPV-A), is a diagnostic algorithm based on the observation of spontaneous nystagmus signs and generated by the Dix-Hallpike HYT ([Figure 1](#fig001){ref-type="fig"}).

The first step involves studying the patient in an upright position to highlight the presence or absence of spontaneous Nystagmus (Ny).

If the spontaneous Ny is not observed on the horizontal plane, the doctor performs first of all the Dix-Hallpike. If this maneuver is positive, and there is the appearance of paroxysmal transitory nystagmus characterized by a geotropic torsional component on the frontal plane and an up-beating component on the vertical plane, it suggests a BPPV of Posterior Semicircular Canal (PSC). If the Dix-Hallpike is negative, then the HYT is performed. The appearance of a bidirectional paroxysmal geotropic or apogeotropic nystagmus indicates a BPPV of the Lateral Semicircular Canal (LSC), with respective non-ampullary or ampullary canal involvement. In both cases, the ED doctor sent the patient to an ENT doctor. If also HYT is negative, the ED doctor provides other diagnostic tests on the subject.

If the presence of a spontaneous nystagmus with rapid component on the horizontal plane is proven, the HYT is performed first of all. The appearance of bi-directional paroxysmal transitory Ny suggests to the ED doctor to send the patient to the ENT doctor to confirm BPPV diagnosis. Instead, the presence of unidirectional persistent and stationary Ny during the maneuver suggests further subject investigations on the patient.

Finally, in the case of spontaneous Ny on the frontal plane (spontaneous torsional Ny) or on the sagittal plane (vertical spontaneous Ny), the patient is immediately sent for neurological and neuroradiological examinations, because the feedback suggests an injury to the central vestibular system.

![The BPPV-Algorithm (BPPV-A). The exam begins with a seated patient. In the presence of a pseudo-spontaneous Nystagmus (Ny), the patient is subjected to supine Head Yaw Test (HYT). If the HYT is positive (bidirectional, bipositional, paroxysmal Ny on side), the vestibular examination is performed; if the HYT is negative (monodirectional, not paroxysmal Ny on side) further investigations are carried out. If spontaneous nystagmus is absent, the HYT and Dix-Hallpike maneuver are performed. If the Dix-Hallpike maneuver is positive, the vestibular examination is performed; if the maneuver is negative, further investigations are carried out. Vertical or torsional spontaneous nystagmus are not included.](audio-10-1-232-g001){#fig001}

Results {#sec1-3}
=======

The 363 patients arrived in the emergency room, with entry diagnosis of acute vertigo, were classified by triage in 178 green code (49%), 173 (47,6%) yellow code, 12 (3%) red code.

The most associated symptoms to the entry diagnosis of acute vertigo were: nausea/vomit in 128 patients (35%), headache in 36 patients (10%), balance disorder in 199 patients (55%).

The most frequent concomitant diseases were hypertension (228 patients, 62,8%), diabetes (70 patients, 19%), atrial fibrillation (44 patients, 12%), previous stroke (21 patients, 5,7%).

All patients were subjected to medical history, neurological evaluation and BPPV-A. Out of a total of 363 patients, 188 (52%) had BPPV, 83 (23%) patients had a peripheral acute vestibular deficit, 19 patients (5%) with other peripheral pathologies, and 73 (20%) with central vertigo ([Figure 2](#fig002){ref-type="fig"}).

Specifically, 151 BPPV were found from lithiasis of PSC, of which 89 (59%) of the posterior right semicircular canal and 62 (41%) of the left posterior semicircular canal. There were also 37 BPPV from lithiasis of LSC, of which 21 (57%) involving the nonampullary arm, geotropic form (15 patients, equal to 71% with involvement of the right lateral semicircular canal and 6 patients equal to 29% of BPPV with involvement of the left lateral semicircular canal), and 16 (43%) involving the ampullary arm, apogeotropic form (10 patients, equal to 62% with involvement of the right lateral semicircular canal, and 6 patients, equal to 38% with involvement of the left lateral semicircular canal) ([Figure 3](#fig003){ref-type="fig"}).

Reliability of BPPV-A {#sec2-2}
---------------------

Thanks to the BPPV-A, the BPPV was diagnosed by ED doctors in 188 patients and confirmed in all patients by the otorhinolaryngologist within a maximum of 12 hours. On the same day, all the patients underwent rehabilitation manoeuvre by the audiometric technician, and after 7 days, they were subjected to a new vestibular examination.

All patients who had been excluded from the BPPV diagnosis underwent a brain CT which, in 33 cases (19%), detected the presence of central pathology; specifically, 4 patients (12%) presented with brain metastates and primary neoplasia, 12 patients (36%) had a transient ischemic attack, 11 patients (33%) had ischemic stroke, 3 patients (9%) with haemorrhagic stroke and 3 patients (9%) with other central pathologies.

The other 142 patients, in whom the CT was negative, were admitted to the Short Observation Department pending further consultations. Of these, 83 (58%) presented an acute vestibular deficit.

None of the patients with a negative algorithm result received a final diagnosis of BPPV, thus confirming the high reliability of BPPV-A. Therefore, in our study the sensitivity and specificity in the diagnosis of BPPV using BPPV-A were 100%.

In 7% of cases otorhinolaryngologist have noticed a mismatch between diagnostic hypothesis and final diagnosis: especially the Dix-Hallpike manouvre has generated sometimes a horizontal nystagmus that was interpretated by ED doctors as a lythiasis of posterior semicircular canal.

Discussion {#sec1-4}
==========

In this study, conducted on an unselected population of patients presented to the emergency ward for acute vertigo, was tested the effectiveness and reliability of a bed-side diagnostic algorithm (BPPV-A), that was able to identify the presence of a BPPV.

There were 410 who accessed the emergency department due to vertigo in the six months of the study, but only 363 of these patients actually had a pathology of vestibular origin.^[@ref23]^ In fact, the patient often identified "vertigo" as a series of other symptoms that are actually part of the broad chapter of pseudo-vertigo not attributable to other problems such as those related to anxiety disorders (panic attacks, agoraphobia), intoxication, vasovagal crisis, orthostatic hypotension, etc. All patients enrolled in the study underwent the BPPV-A.

The symptoms that most accompanied the entry diagnosis of acute vertigo were in order of frequency: nausea and vomiting, headache, imbalance.

The identified comorbidities were arterial hypertension, diabetes mellitus, atrial fibrillation, coronary heart disease and previous stroke. No significant correlation between sex and nature of vertigo was identified, nor was age identified to be a predisposing factor. The BPPV in this study was diagnosed in 188 of a total 363 patients (51.7%). In 151 patients (80%), the PSC was affected and LSC in 37 patients (20%). No prevalence was found between the left and right sides. In all 188 patients identified with BPPV-A, the diagnosis was confirmed within 12 hours of accessing the emergency room by the competent doctor and always within 12 hours the patients underwent rehabilitation by the audiometric technician. The clinical check was performed 7 days later. The 175 patients who did not have a BPPV underwent further investigation. Although vertigo often has a benign peripheral aetiology,^[@ref24]^ as in the case of BPPV, diagnosis is often late and involves an unnecessary and considerable recourse of neuroimaging techniques for differential diagnosis. The training offered to ED doctors and the algorithm provided to them have enabled, on one hand, an early and precise diagnosis and, on the other, immediate rehabilitation therapy with problem resolution within 12 hours of accessing the emergency department. This diligent patient management has also led to a reduction in health spending costs deriving from the missed execution of CT and MRI in 188 patients positive to BPPVA. The savings achieved were around € 48,316.00 in the six months of the study. It is therefore possible to argue that the BPPVA allowed an early diagnosis of BPPV in the ED with resolution of the vertigo within 12 hours of accessing the emergency department and a saving of approximately 257,00 euros for each patient, using as a reference the Regional Catalog of Specialist Services of the Campania Region. Our study shows some limitations. Even if we hadn't diagnostic errors, we suppose that ED doctors could have some difficulties in cases of lythiasis of multiple canals; in these cases we recommend to pay attention especially to the parossistic character of nystagmous. The principal difficulty was to memorize the steps of algorithm. When they get used to the algorithm, they had no more problems.

![Emergency Room Access for Acute Vertigo. Out of a total of 363 patients, 188 (52%) had BPPV, 83 (23%) patients had a peripheral acute vestibular deficit, 19 patients (5%) with other peripheral pathologies, and 73 (20%) with central vertigo.](audio-10-1-232-g002){#fig002}

![BPPV: semicircular canals involved. Out of 37 BPPV from lithiasis of LSC: the right non-ampullary arm (geotropic form) was involved in 41% and the left non-ampullary arm (geotropic form) was involved in 16%; the right ampullary arm (apogeotropic form) was involved in 27% and the left ampullary arm (apogeotropic form) was involved in 16%.](audio-10-1-232-g003){#fig003}

Conclusions {#sec1-5}
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Even with the limitations reported, our work shows that an important and effective synergy can be created with emergency room doctors. The correct information and training and the close collaboration with the vestibologist specialist have enabled the emergency room doctors to identify patients affected by BPPV early and effectively, avoiding waste of time and significantly reducing costs for the healthcare system.

[^1]: Conflict of interest: The authors declare no potential conflict of interests.
